A major aim of cattle genome research is to identify candidate genes associated with meat quantity and quality through QTL analysis for application in the livestock industry. Therefore, this study focused on discovery of useful SNPs within the LOC534614 gene, containing 12273_165 SNP which is located on the same site as the QTL on chromosome 6, and evaluation of the association between SNP and body weight and cold carcass weight in Hanwoo (Korean cattle) As a result of a BLAST search of the NCBI web site, we discovered that the mRNA sequence of the LOC534614 gene was similar to that of the coiled-coil domain containing 158 (CCDC158) for dog and human. According to the direct DNA sequence from the CCDC158 gene, we identified 19 polymorphic SNPs within exons and their flanking regions. Among them, 17 polymorphic SNPs were selected for genotyping in Hanwoo (n = 476) and seventeen marker haplotypes containing 12273_165 SNP (frequency >0.1) were identified. As a result of the association between 17 polymorphic SNPs and Hanwoo (n = 476), g.8778G>A SNP in exon 6 was found to be a non-synonymous SNP, and was significantly associated with body weight and cold carcass weight (p<0.05). We discovered 19 polymorphic SNPs in the CCDC158 gene on the QTL region of BTA 6 in Hanwoo and identified that the g.8778G>A SNP was significantly associated with body weight and cold carcass weight (p<0.05), which causes an amino acid variation from valine to methionine. Furthermore, statistical analysis demonstrated that the CCDC158 gene is strongly associated with body weight and cold carcass weight in Hanwoo. In this regard, the g.8778G>A SNP in the CCDC158 gene can be useful as a positional candidate for body weight and cold carcass weight for marker-assisted selection in Hanwoo.
INTRODUCTION
Identification of QTL-related economic traits is a major aim of cattle genome research. In order to verify QTL, we conducted a high-density map and then collected candidate genes associated with economic traits from the QTL region. Two main approaches were used to obtain the gene: positional cloning and the candidate gene approach. In recent studies, researchers have used the candidate gene approach for identification of causal SNPs that affect gene function for use as DNA-based markers.
This approach has also been proven to be extremely powerful for study of the genetic component of complex traits, which is a far more effective and economical method for direct gene discovery. The thyroglobulin (TG) gene was found from a QTL which was associated with marbling score and located near the CSSM66 microsatelltie in the QTL region of BTA14 (Barendse et al., 2004) . This study suggested an association between a single nucleotide polymorphism (SNP) in the 5 leader sequence of the thyroglobulin gene and marbling score in cattle fed for a period lasting longer than 250 days. Fitzsimmons et al. (1998; 1999) reported that the leptin gene, near the BM1500 microsatellite located within the QTL region of BTA4, was significantly associated with a mis-sense SNP in eight beef bulls. Single-nucleotide polymorphisms within the micromolar calcium-activated neutral protease (CAPN1) gene, encoding the protease µ-calpain, were associated with meat tenderness on bovine chromosome 29 (Page et al., 2002) . The CAPN1 gene has been mapped to the QTL interval known to influence meat tenderness on chromosome 29 (Casas et al., 2000) . Moreover, SNPs within TG, leptin, and CAPN1 genes have been used in the commercial cattle industry as useful tools for markerassisted selection.
Previous studies have suggested that the 12273_165 SNP was related to body weight and cold carcass weight in a Hanwoo half-sib population and that it was located in the same position as that of the ILSTS035 microsatellite (Lee et al., 2008) . Therefore, the LOC534614 gene containing the 12273_165 SNP could be a potential candidate gene for weight in Hanwoo. Therefore, the objective of this study was to develop SNPs in the LOC534614 gene and to evaluate the association between SNP and body weight and cold carcass weight in Hanwoo.
MATERIALS AND METHODS

Animals and phenotypes
The Hanwoo population (n = 476) was reared under the progeny-testing program of the National Livestock Research Institute (NLRI) of Korea. The pedigree record of 476 steers was produced from 50 sires collected by the Korea Animal Improvement Association (Seoul, Korea). All steers were fed under the tightly controlled conditions of the feeding program in the Daekwanryeong and Namwon branches. The animals were born between the spring of 1998 and autumn of 2002. After two years, all steers were slaughtered in the spring of 2002 to autumn of 2004. They were castrated at 6 months of age and were raised 4 animals per pen (4 m×8 m). After 6 months of age, they were fed with concentrates consisting of 15% crude protein (CP)/ 71% totally digestible nutrients (TDN) for a period of 60 to 90 days; 15% CP/71% TDN for a period of 180 days; and 13% CP/72% TDN for a period of 90 to 120 days of selffeeding. Roughage was offered ad libitum, and steers had free access to fresh water throughout the entire period. Live weights were determined before slaughter using electronic scales. Following a 24-h chill, cold carcass weight was measured. The mean and standard deviation of live weight and cold carcass weight was 569.016±57.301 kg and 316.510±33.985 kg, respectively. Genomic DNA from white blood cells was extracted using the phenolchloroform method (Sambrook et al., 2001 ).
BLAST and Sequencing of the LOC534614 gene
Using the LOC534614 mRNA (GenBank:XM_614439) sequence for comparison of homology among species, we performed a search with NCBI's BLASTX tool. We sequenced 25 exons and their flanking regions for discovery of variants of the SNP in 50 unrelated Korean cattle (Hanwoo) using the BigDye Terminator (Ver. 3.1) cycle sequencing kit (Applied Biosystems, Foster City, CA) on an ABI 3730XL DNA analyzer (Applied Biosystems). Twentyfive primer sets for amplification and sequencing analysis were designed on the basis of the GenBank sequence (Accession no. NC_007304) using Primer3 software. Primer information is provided in the supplementary data. Sequence editing was generated by visual confirmation using the Sequencher 4.6 program (Gene Codes Corp., Ann Arbor, MI).
SNP genotyping
For genotyping of polymorphic sites, primers for amplification and extension were designed for single-base extension (SBE) (Vreeland et al., 2002) . Primer extension reactions were conducted using the SNaPshot ddNTP Primer Extension Kit (Applied Biosystems, Foster City, CA). In order to clean up the primer extension reaction, one unit of SAP (shrimp alkaline phosphatase) was added to the reaction mixture which was incubated for 1 h at 37°C, followed by 15 min at 72°C for enzyme inactivation. DNA samples containing extension products and Genescan 120 LIZ size standard solution were added to HiDi formamide (Applied Biosystems, Foster City, CA) in accordance with the manufacturer's recommendations. The mixture was incubated for 5 min at 95°C, followed by 5 min on ice, after which electrophoresis was conducted using the ABI PRISM 3130XL Genetic Analyzer. Results were analyzed using GeneMapper v4.0 software (Applied Biosystems, Foster City, CA).
Statistical analysis
x 2 tests were used to determine whether or not the individual variant was in equilibrium at each locus in the population (Hardy-Weinberg equilibrium). We examined a widely used measure of linkage disequilibrium between all pairs of bi-allelic loci, D' (the correlation coefficient [Delta, |D'|]), LOD (logarithm of odds), and r 2 . Strength of LD between pairs of SNPs was measured as D' using Haploview. Regions of strongly associated markers (LD blocks) were inferred by Gabriel's method, as implemented in Haploview (Gabriel et al., 2002; Barrett et al., 2005 ) Using Gabriel's method, pairs of SNPs are considered to be in strong LD if the one-sided 95% D' confidence boundary is between 0.7 and 0.98. The method defines a block if 95% of pair-wise SNP comparisons are in strong LD. r 2 was also used to determine whether or not the pairs of sites were in absolute LD. Haplotypes and their frequencies were inferred using the algorithm developed by Stephens et al. (2001) Phase probabilities for each site were calculated for each individual using this software (PHASE) (input option: ignoring families). Using this software, phase probabilities of all polymorphic sites for haplotypes were calculated for each individual. Because 95% of samples had phase probabilities greater than 97%, 97% was chosen as the threshold for phase probability. Associations between individual SNPs and body weight and cold carcass weight were determined by the mixed effect model, treating "sire" as a random effect; "age" at slaughter was also included in the model as a covariate in the SPSS statistics v17.0 package. Other covariates were not available for this analysis. We used a single SNP model. Single SNP/haplotype effects were tested in the mixed effect model. For haplotype analyses, we fitted the model with the same covariates in a similar manner.
RESULTS
The LOC534614 gene included the 12273_165 SNP, which was associated with meat quantity ( Figure 1B ) (Lee et al., 2008) . However, the function of the LOC534614 gene is not yet known. Therefore, results of a BLASTX search of the NCBI web site using the mRNA sequence of the LOC534614 gene found that the mRNA sequence of the LOC534614 gene was very similar to that of the coiled coil domain containing the 158 (CCDC158) gene, which has been found in dogs and humans (Table 1) .
By direct sequencing for discovery of SNPs within the CCDC158 gene, 19 polymorphic SNPs within exons and their flanking regions of CCDC158 were identified: 3 in coding exons, and 16 in introns. Among 3 polymorphic SNPs in coding exons, the g.8778G>A SNP was a nonsynonymous SNP characterized by an amino acid change from valine to methionine. Locations and allele frequencies of the polymorphisms are shown in Table 2 and in Figure  1C .
Eighteen polymorphic SNPs, including the 12273_165 SNP reported by Lee et al. (2008) , were selected for pairwise linkage disequilibrium analysis based on location (polymorphisms in exons were preferred) and a minor allele frequency exceeding 0.05 and LD (a polymorphism was chosen if it was in absolute LD[r 2 = 1] with one or more other polymorphisms) (Gabriel et al., 2002) . Pair-wise linkage disequilibrium analysis with the 18 polymorphic SNPs showed that the CCDC158 gene can be conducted in LD blocks (Block1), the 66 kb region spanning from exon3 to intron24 (Block1). We have conducted haplotype analyses from 3 SNPs in exon regions associated with an influence on gene function. There were four common haplotypes in Block1 ( Figure 2) ; frequencies are shown in Table 3 .
The 17 polymorphic SNPs (g.-8606+137C>T, g.-74-34G>T, g.70+20C>T, g.3885-18C>G, g.4102+36T>G, g.8420-137T>C, g.8529+19G>A, g.8643-21T>C, g.8778G>A, g.11500-125A>G, g.11500-117C>G, g.11521T>C, g.11614+ 19G>T, g.18765G>A, g.32330-48A>G, g.34425+102A>T, g.66995-169insdelC) and 2 haplotypes (Exon_ht1, Exon_ht2) were selected for genotyping from the largescale Hanwoo population.
The g.-74-34G>T, g.8420-137T>C, g.8529+19G>A, g.8778G>A, g.11500-125A>G SNPs and Exon_ht1 haplotype were significantly associated with body weight (p<0.05, Table 4 ). As for cold carcass weight, only the g.8778G>A SNP showed a significant difference (p>0.05, Table 5 ).
This g.8778G>A was a non-synonymous SNP, in which valine is changed to methionine. With regard to body weight, the least square mean of the group with the GG genotype (576.096 kg) of g.8778G>A was higher than in the AG or AA genotypes (560.261 kg, 558.423 kg, respectively). The difference between the GG and AA genotypes was 17.673 kg, which was the largest among significant differences between SNPs and haplotypes. Also, the least square mean and frequency of Exon_ht1 type were quite similar to those of the g.8778G>A genotype. In cold carcass weight only, g.8778G>A showed a significant difference. In conclusion, we would predict that the g.8778G>A SNP was the causal mutation that directly affects CCDC158 gene function.
DISCUSSION
Traits associated with weight are economically relevant in the Hanwoo industry. A previous study reported on identification of a significant QTL for growth traits on BTA6 from the Belgian Blue×MARC III and Piedmontese× Angus population and reported detection of a suggestive QTL on the same chromosome for the longissimus dorsi muscle area (Casas et al., 2003) and hot carcass weight in a Bos indicus×Bos taurus population (Casas et al., 2000) . Also, a significant QTL was identified for birth weight and pre-weaning average daily gain in Bos taurus (Kneeland et al., 2004) . Recent studies have reported on association of the non-SMC condensing I complex, a subunit of the G (NCAPG) gene, with body weight and carcass weight in the QTL region of chromosome 6 in the Japanese Black half-sib family (Takasuga et al., 2007; Eberlein et al., 2009; Setoguchi et al., 2009 ). In another study, a significant QTL was detected for ADG on chromosome 6 and the 12273_165 SNP, located at a position similar to that of ILSTS035 QTL, was identified in Hanwoo (Kim et al., 2003; Lee et al., 2008) . Therefore, we would predict CCDC158 as a candidate gene for association with final weight and cold carcass weight in Hanwoo.
Weight gain is associated with skeletal muscle mass. Principal determinants of skeletal muscle mass include muscle fiber number and muscle fiber size. During development, these factors are controlled by a series of events, including myoblast proliferation, myotube formation, and myofiber maturation. Throughout physical development, the CCDC158 gene, which is associated with final weight and cold carcass weight, expresses the coiledcoil domain containing 158 proteins of the coiled coil type. The function of the CCDC158 gene is not yet known; however, the coiled coil type protein has been detected in transcription factors during cell growth and proliferation and in muscle protein (Glover et al., 1995; Mason et al., 2004) and the g.8778G>A SNP within the CCDC158 gene has also been associated with final weight and cold carcass weight. Thus, we would suggest that the g.8778G>A SNP within the CCDC158 gene was influenced during transformation of the coiled-coil structure by the nonsynonymous SNP found in this study. 
